and BAL from pre-infection. Peripheral, airway, and lung granuloma CD4CD8 T cells have distinct patterns and greater cytokine production than CD4 or CD8 T cells.
| INTRODUC TI ON
In 2017, 10.0 million new cases of tuberculosis (TB) were diagnosed worldwide, with an estimated death of 1.6 million people. 1 The host immune response plays a critical role in the outcome of Mycobacterium tuberculosis (Mtb) infection. Both CD4 and CD8 T cells play important roles in the immunological responses to Mtb through the production of pro-inflammatory cytokines (IFN-γ, IL-2, TNF, and IL-17), anti-inflammatory cytokine (IL-10), and various cytolytic functions [2] [3] [4] [5] [6] [7] among other mechanisms. Important roles in the CD4 T cell response to Mtb include production of IFN-γ as well as production of TNF to optimize macrophage intra cellular killing. [8] [9] [10] CD4 T cells also stimulate the development of cytolytic CD8 T cell functions important for Mtb killing. 11, 12 Cytolytic CD8 T cells (and CD4 T cells) can produce multiple cytolytic markers (eg granzyme B, granulysin, perforin), which can directly and indirectly kill Mtbinfected macrophages. [13] [14] [15] CD8 and CD4 T cells have been studied extensively within the TB literature; however, T cells expressing both CD4 and CD8 (CD4CD8 T cells) have not, leaving a gap in knowledge.
Although CD4 and CD8 T cells account for the majority of the CD3 T cell population, CD4CD8 T cells are present within blood [16] [17] [18] [19] [20] and other sites and play functional roles in a variety of infections. 17, [21] [22] [23] [24] [25] [26] In humans, approximately 1%-6% of blood CD3
T cells are CD4CD8 T cells. [16] [17] [18] [19] [20] Despite being low in frequency, CD4CD8 T cells display cytolytic and suppressive functions 16, 18, 19, 27 (reviewed in 28, 29 ). CD4CD8 T cells stimulated with anti-CD3 or PHA, proliferate and kill target cells through granzyme B, and/ or perforin-dependent 20, 27 and other unspecified mechanisms. 17 They also express CD107a and produce TNF, IL-4, IL-2, IL-10, IL-17, and IFN-γ 20, 25, 30 when stimulated with anti-CD3. CD4CD8 T cells functionally respond to HIV, 17, 21, 22 SHIV, 23 Mycobacterium leprae, 24 and various cancers. 19, 20, 30, 31 CD4CD8 T cells from adults with rheumatoid arthritis produce more IFN-γ than peripheral CD4 and CD8
T cells stimulated with mitogens. 32 Taken together, CD4CD8 T cells express both pro-inflammatory and anti-inflammatory cytokines production and are able to exhibit cytolytic function. However, they
have not been examined in the context of TB.
Here, we sought to characterize these CD4CD8 T cells during the course of Mtb infection in the blood, airways, and lung granulomas using a cynomolgus macaque model of TB. We show that CD4CD8
T cells increase in frequency in both blood and the airways during early Mtb infection and within lung granulomas with Mtb-specific responses that are similar but distinct in pattern from conventional single-expressing CD4 and CD8 T cells.
| ME THODS

| Animals
Adult (>4 years of age) cynomolgus macaques (Macaca fascicularis)
were screened for other co-morbidities (eg parasites, SIV) before in- 
| Procedures
| Flow cytometry
Flow cytometry was performed on PBMC, BAL, and granuloma cells after stimulation and stained with a combination of antibodies (Table   S1 ), as previously described. Figure S1 ). To eliminate the possibility that CD4CD8 T cell population is a result of fluorophore spillover, the population was confirmed using combinations of fluorophores that are excited by different lasers ( Figure S1 ).
| Statistical analysis
Data were tested for normality with the Shapiro-Wilk test and
were not consistently normally distributed, so all statistics utilized were non-parametric analyses (JMP Pro 12.1.0 statistical software).
Kruskal-Wallis test with Dunn's multiple comparison test was used
to compare changes in cell type, cytokine production, and cytolytic marker expression over time within BAL and PBMC (GraphPad Prism 7.0d statistical software). Wilcoxon method (with unadjusted Pvalues) was used to compare frequencies of CD4, CD8, and CD4CD8
T cells in PBMC and BAL and granulomas within the same time points (JMP Pro 12.1.0 statistical software). Statistical significance was set at P ≤ 0.05. All P values P ≤ 0.1 are displayed to represent statistical trends.
| RE SULTS
To 
| D ISCUSS I ON
This study aimed to characterize the frequency and function of CD4CD8 T cells during Mtb infection in PBMC, BAL, and lung granulomas and determine if they are functionally distinct from CD4 and CD8 T cells. CD4CD8 T cells are traditionally regarded as existing during a time of cellular differentiation toward CD4 or CD8 T cells. However, extrathymic CD4CD8 T cells located within the blood and numerous tissues have been reported 27, 28, 32, 38, 39 and more than 96% of blood CD4CD8 T cells express alpha-beta TCR.
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